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(57) ABSTRACT

An organosilicate polymer is used as mandrel in a two expo-
sure double patterning process. The mandrel layer is formed
from the organosilicate polymer and is patterned with a first
etching process. Spacers are formed adjacent the mandrel
using low temperature process. The spacer material can be a
low temperature oxide. The mandrel layer is then further
pattered with a second lithographic etching process. A hard
mask layer is then printed with a pattern defined by the spac-
ers and the mandrel. The hard mask can be TiN. The process
provides a simplified method of double patterning that elimi-
nates the need for a capping layer over the hard mask.

20 Claims, 6 Drawing Sheets
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1
ORGANOSILICATE POLYMER MANDREL
FOR SELF-ALIGNED DOUBLE PATTERNING
PROCESS

BACKGROUND

The present disclosure relates to integrated circuit device
manufacturing processes, especially self-aligned double pat-
terning.

In conventional photolithography, a photoresist is exposed
to light through a mask. The photoresist is modified by the
exposure in such a way that either the exposed or unexposed
portions of the resist can be removed during subsequent
development. Any photolithographic process has limitations,
whereby there is a critical dimension below which features
are too fine to be resolved. That resolution limit is a barrier in
reducing the scale of integrated circuit devices.

Self-aligned double patterning is a technique for forming
features having a finer pitch than would be possible by the
direct application of a photolithographic process. Self-
aligned double patterning involves forming a mandrel having
line-shaped features. A spacer formation process is then used
to form spacers on the sides of the mandrel features. The
mandrel can then be stripped leaving the spacers defining two
sets of lines. A first set of lines (L1 lines) corresponds to
line-shaped features of the mandrel. A second set of lines (1.2
lines) corresponds to the spaces between adjacent line-shaped
features of the mandrel.

BRIEF DESCRIPTION OF THE DRAWINGS

Aspects of the present disclosure are best understood from
the following detailed description when read with the accom-
panying figures. It is noted that, in accordance with the stan-
dard practice in the industry, various features are not drawn to
scale. In fact, the dimensions of the various features may be
arbitrarily increased or reduced for clarity of discussion.

FIG. 1 is a flow chart of an integrated circuit device manu-
facturing process in accordance with some embodiments of
the present disclosure.

FIGS. 2-16 illustrate an integrated circuit device according
to some embodiments of the present disclosure at various
intermediate stages of manufacture.

DETAILED DESCRIPTION

The following disclosure provides many different embodi-
ments, or examples, for implementing different features of
the disclosure. Specific examples of components and arrange-
ments are described below to simplify the present disclosure.
These are, of course, merely examples and are not intended to
be limiting. For example, the formation of a first feature over
or on a second feature in the description that follows may
include embodiments in which the first and second features
are formed in direct contact, and may also include embodi-
ments in which additional features may be formed between
the first and second features, such that the first and second
features may not be in direct contact. In addition, the present
disclosure may repeat reference numerals and/or letters in the
various examples. This repetition is for the purpose of sim-
plicity and clarity and does not in itself dictate a relationship
between the various embodiments and/or configurations dis-
cussed.

Further, spatially relative terms, such as “beneath,”
“below,” “lower,” “above,” “upper” and the like, may be used
herein for ease of description to describe one element or
feature’s relationship to another element(s) or feature(s) as
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illustrated in the figures. The spatially relative terms are
intended to encompass different orientations of the device in
use or operation in addition to the orientation depicted in the
figures. The apparatus may be otherwise oriented (rotated 90
degrees or at other orientations) and the spatially relative
descriptors used herein may likewise be interpreted accord-
ingly.

The present disclosure provides a self-aligned double-pat-
terning process that includes two lithography and etching
operations though which the mandrel is patterned. This type
of process can be referred to as an SALE2 process. In an
SALE2, some areas of the layer beneath the mandrel can be
etched twice. It has been observed that if the mandrel is
formed directly over the hard mask, the hard mask can
develop pits or stitching in those places where it has been
etched twice. Hard mask stitching can result in problems
during subsequent processing. Stitching can be avoided by
providing a capping layer of a material such as TEOS
between the mandrel and the hard mask.

That capping layer can be eliminated in embodiments of
the present disclosure in which a mandrel is formed from an
organosilicate polymer. In some embodiments, the organo-
silicate polymer is of the kind used as an anti-reflective coat-
ing material. In some embodiments, spacers that are formed
to the sides of the mandrel as part of the SALE2 process are
formed of a material that is deposited at temperatures below
those at which the organosilicate polymer is damaged. In
some embodiments, the spacers are formed of a low tempera-
ture oxide. The organosilicate polymer mandrel and associ-
ated spacers allow for a different etch chemistry as compared
to an amorphous silicon mandrel. In some embodiments, the
organosilicate polymer mandrel is etched using fluorine-
based chemistry. By comparison, a polysilicon mandrel is
generally etched with a chlorine or bromine-based chemistry.
The difference in chemistry allows the organosilicate poly-
mer mandrel to be etched by a process that does not cause
hard mask stitching. The organosilicate polymer mandrel can
be formed in direct contact with the hard mask, eliminating
the need for the capping layer and resulting in a simpler
process. In most embodiments, the hard mask is TiN.

FIG. 1 provides a flow chart of an integrated circuit device
manufacturing process 100 according to some embodiments
of the present disclosure. FIGS. 2-16 illustrate an integrated
circuit device 200 according to some embodiments of the
present disclosure undergoing manufacturing by the process
100. Process 100 begins with act 101, initial processing of a
semiconductor body 201 to form a substrate 202, then act 103,
which is forming a hard mask layer 209 over substrate 202 to
produce structure as shown in FIG. 2.

Substrate 202 includes a semiconductor body 201, which is
a semiconductor. The semiconductor can be, for example, an
elementary semiconductor, a compound semiconductor, or an
alloy semiconductor. Examples of elementary semiconduc-
tors include silicon and germanium. Examples of compound
semiconductors include silicon carbide, gallium arsenide,
gallium phosphide, indium phosphide, indium arsenide, and
indium antimonide. Examples of alloy semiconductor includ-
ing SiGe, GaAsP, AllnAs, AlGaAs, GalnAs, GalnP, and/or
GalnAsP. Additional examples of semiconductors include,
without limitation, group III-V materials and doped carbon.
In some embodiments, semiconductor body 201 is a wafer. In
some embodiments, semiconductor body 201 is silicon. In
some embodiments, semiconductor body 201 is semiconduc-
tor-on-insulator. Substrate 202 can also include multiple
wafers or die that are stacked upon one another.

Initial processing 101 produces the substrate 202 from
semiconductor body 201. Initial processing 101 can form



US 9,123,656 B1

3

various component devices and device structures in or on
semiconductor body 201. Component devices can include
active devices or passive devices. A component device can be,
for example, a memory device, a logical device, or a field
effect transistor (FET). Device structures can include source
regions, drain regions, gate electrodes, insulators, conduc-
tors, and metal interconnect layers.

In some embodiments, substrate 202 includes various lay-
ers that are formed over semiconductor body 201. In the
example of FIG. 2, these layers include an etch stop layer 203,
adielectric layer 205, and a capping layer 207. Etch stop layer
203 can be, for example, one or more layers of oxygen-doped,
nitrogen-doped, or metal-doped silicon carbide. In some
embodiments, dielectric layer 205 is a low-k dielectric layer.
A low-k dielectric is a material having a smaller dielectric
constant than SiO,. SiO, has a dielectric constant of about
4.0. Examples of low-k dielectrics that may be suitable for
dielectric layer 205 include organosilicate glasses (OSG)
such as carbon-doped silicon dioxide, fluorine-doped silicon
dioxide (otherwise referred to as fluorinated silica glass (or
FSG@G), and organic polymer low-k dielectrics. Examples of
organic polymer low-k dielectrics include polyarylene ether,
polyimide (PI), benzocyclbbutene, and amorphous polytet-
rafluoroethylene (PTFE). In some embodiments, dielectric
layer 205 is an extremely low-k dielectric layer. An extremely
low-k dielectric is a material having a dielectric constant of
about 2.1 or less. An extremely low-k dielectric can be formed
from a low-k dielectric material by providing the material
with porosity of gaps that reduce its effective dielectric con-
stant. Capping layer 207 can be any suitable material. In some
embodiments, capping layer 207 is a nitrogen-free anti-re-
flective layer (NFARL), for example, oxygen-doped SiC.
Etch stop layer 203, dielectric layer 205, and capping layer
207 layers are all optional layers.

Hard mask layer 209 is a layer of material that process 100
patterns into a hard mask 209 for treating at least one layer of
substrate 202. In some embodiments, hard mask layer 209 is
a metal compound. In some embodiments, hard mask layer
209 is TiN, which is a particularly effective hard mask mate-
rial for some types of processing. In some embodiments, the
layer of substrate 202 that is treated using hard mask 209 is
dielectric layer 205. In some embodiments, the layer of sub-
strate 202 that is treated using hard mask 209 is semiconduc-
tor body 201. In some embodiments, the treatment that is
applied using hard mask 209 is etching trenches or holes in or
through a layer of substrate 202. In some embodiments, the
treatment that is applied using hard mask 209 is ion implan-
tation.

Process 100 continues with act 105, forming mandrel layer
stack 204 over hard mask layer 209 as shown in FIG. 3. In
some embodiments, mandrel layer stack 204 is from 100 to
500 A thick. Mandrel layer stack 204 includes at least an
upper layer 211, which is an organosilicate polymer layer. In
some embodiments, mandrel layer stack 204 is a single layer
of a single material, which is organosilicate polymer layer
211. In some embodiments, organosilicate polymer layer 211
is formed by spin coating. A spin-coated organosilicate poly-
mer layer 211 can be less expensive in comparison to an
amorphous silicon mandrel layer form by chemical vapor
deposition (CVD).

In some embodiments, organosilicate polymer layer 211 is
formed of a material that is known in the industry as a silicon-
containing anti-reflective coating material. In some embodi-
ments, organosilicate polymer layer 211 is from 10% to 70%
Si. In some embodiments, organosilicate polymer layer 211 is
a silsesquioxane. In some embodiments, organosilicate poly-
mer layer 211 is a polymer or copolymer of an alkoxy or
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acyloxy silane. In some embodiments, organosilicate poly-
mer layer 211 is a cross-linkable polymer. In some embodi-
ments, forming organosilicate polymer layer 211 includes
baking to induce cross-linking.

Process 100 continues with act 107, which is forming and
patterning a first lithographic mask 206 A over organosilicate
polymer layer 211 as shown in FIG. 4. A lithographic mask is
one or more layers of material that is patterned using photo-
lithography. Photolithography includes forming a photore-
sist, selectively exposing the photoresist to light having a
suitable wavelength, and developing the photoresist. The
light is passed through a reticle, which defines a pattern of
selective exposure. Developing removes a portion of the pho-
toresist to leave a patterned photoresist. The portion removed
can be either the portion that was exposed to the light or the
portion that was not exposed according to whether the pho-
toresist is a positive photoresist or a negative photoresist. In
some embodiments, lithographic mask 206A is a patterned
photoresist. In some embodiments, lithographic mask 206A
includes one or more layers formed beneath the photoresist
and patterned using the photoresist.

The purpose of lithographic mask 206A is patterning man-
drel layer stack 204. A photoresist having sufficient thickness
to pattern mandrel layer stack 204 can be difficult to expose
and develop while controlling critical dimensions. In some
embodiments, this difficulty is overcome using a lithographic
mask 206A including at least an upper layer that is a photo-
resist and an underlying layer that is thicker than the photo-
resist. The photoresist can be used to pattern the thicker
underlying layer and the patterned underlying layer can then
be used as the mask for patterning mandrel layer stack 204. In
some embodiments, lithographic mask 206A is a tri-layer
mask as shown in FI1G. 4. These mask layers can be formed by
spin coating, for example.

A tri-layer lithographic mask 206 A includes a bottom layer
215A, a middle layer 217A, and a photoresist layer 219A.
Photoresist layer 219A is a photoresist material. In some
embodiments, bottom layer 215A is a polymer, such as a
polymer suitable for forming a bottom anti-reflective coating.
Bottom layer 215A is thick in comparison to middle layer
217A and photoresist layer 219A. In some embodiments,
bottom layer 215A is from 1000to 3000 A thick. Middle layer
217A is optional. In some embodiments, middle layer 217A
is a polymer like bottom layer 215A, but with a higher silicon
content. In some embodiments, middle layer 217A includes
from 10% to 70% Si. In some embodiments, bottom layer
215A is a polymer with no Si content.

By photolithography, photoresist layer 219A is patterned
as shown in FIG. 4. By etching, the pattern of photoresist
layer 219A is transferred to the other layers of lithographic
mask 206A as shown in FIG. 5. In some embodiments, the
etch process conditions are selected to slightly over-etch
when transferring features from photoresist layer 219A to
middle layer 217 A or when printing from middle layer 217A
to bottom layer 215 A, whereby the sizes of features printed to
bottom layer 215A are somewhat larger than those of the
corresponding features in the original pattern printed in pho-
toresist layer 219A. In some embodiments, the etch process
condition are selected to slightly under-etch when printing
from photoresist layer 219A to middle layer 217A or when
printing from middle layer 217A to bottom layer 215A,
whereby the sizes of features printed to bottom layer 215A are
somewhat smaller than those of the corresponding features in
the original pattern printed in photoresist layer 219A. A first
stage of transferring can break through middle layer 217A.
Thereafter, middle layer 217 A can operate as a mask through
a second stage in which bottom layer 215A is printed. Pho-
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toresist layer 219A can be removed by the etch process of this
second stage to produce a structure as shown in FIG. 5.

Process 100A continues with act 109, which is etching
mandrel layer stack 211 to form mandrel 211 to produce a
structure as shown in FIG. 6. In most embodiments, hard
mask layer 209 provides an etch stop for etching 109. In some
embodiments, etching 109 removes middle layer 217A of a
tri-layer lithographic mask 206 A as shown in FIG. 6. In some
embodiments, etching 109 is plasma etching using process
conditions that provide selectivity for removing the material
of organosilicate polymer layer 211 in comparison to hard
mask layer 209. In some embodiments, the gases used for
etching 109 include a compound of the form CF . Examples
of compounds of the form CF include, without limitation,
CF,, CHF;, and CH,F,. In some embodiments, etching 109 is
plasma etching without chlorine compounds, bromine com-
pounds, or other compounds effective for plasma etching
TiN.

Process 100 continues with act 111, which is removing the
remaining portion of lithographic mask 206A. In some
embodiments, removing lithographic mask 206A includes
ashing. Ashing 111 is carried out with a chemistry that has
little or no effect on the material of organosilicate polymer
layer 211. In some embodiments, ashing 111 is carried out
with a low temperature plasma. In some embodiments, the
ashing chemistry is one of CO,, O,, and N,/H,.

Process 100 continues with act 113, which is forming a
spacer material layer 213 over mandrel 211 to produce a
structure as shown in FIG. 8. In most embodiments, spacer
material layer 213 is formed by a conformal deposition pro-
cess. A conformal deposition process forms a coating that is
relatively uniform in thickness over the surface being coated.
Examples of conformal deposition processes include atomic
layer deposition (ALD) and most chemical vapor deposition
(CVD) processes.

Spacer material layer 213 is formed at temperatures below
temperatures at which organosilicate polymer layer 211
would be excessively damaged. Spacer material layer 213 can
have any suitable composition. Examples of compositions
that can be suitable for spacer material layer 213 include,
without limitation, SiN, SiON, Si0O,, SiC and SiOC. In most
embodiments, spacer material layer 213 is formed at tempera-
tures below 300° C. In some embodiments, spacer material
layer 213 is formed at temperatures below 200° C. In most
embodiments, spacer layer 213 is a non-metallic compound.
In some embodiments, spacer layer 213 is a low temperature
oxide. In some embodiments, the composition of spacer
material layer 213 is SiC or SiOC. The spacer materials of
these embodiments can enable low temperature processing
and lend themselves to etch conditions with the desired selec-
tivity.

Process 100 continues with act 115, which is etching
spacer material layer 213 to form spacers 213 as shown in
FIG. 9. Spacers 213 abut mandrel 211 without being below or
above mandrel 211 to any significant degree. In most embodi-
ments, etching 115 is carried out with a selectivity for remov-
ing the material of spacers 213 over the material of hard mask
209. In some embodiments, etching 115 is plasma etching
with a fluorine-based chemistry. In some embodiments, the
gases used for etching 115 include CF,. In some embodi-
ments, etching 115 is plasma etching without chlorine com-
pounds, bromine compounds, or other compounds effective
for plasma etching TiN. In some embodiments, etching 115 is
carried out with a selectivity for removing the material of
spacers 213 over the material of organosilicate polymer layer
211.

10

15

20

25

30

35

40

45

50

55

60

6

Process 100 continues with act 117, which is forming and
patterning a second lithographic mask 206B over organosili-
cate polymer layer 211 and spacers 213 to produce a structure
as shown in FIG. 10. In some embodiments, lithographic
mask 206B is a patterned photoresist. In some embodiments,
lithographic mask 206B includes one or more layers formed
beneath the photoresist and patterned using the photoresist.

The purpose of lithographic mask 206B is removing an
additional portion of mandrel layer stack 204 and thereby
further patterning mandrel layer stack 204. In some embodi-
ments lithographic mask 206B includes at least an upper layer
that is a photoresist and an underlying layer that is thicker
than the photoresist, which provides advantages as described
for corresponding embodiments of lithographic mask 206A.
The photoresist can be used to pattern the thicker underlying
layer, and the patterned underlying layer can then be used as
the mask for the further patterning of mandrel layer stack 204.
In some embodiments, lithographic mask 2068 is a tri-layer
mask as shown in FIG. 10. These mask layers can be formed
by spin coating, for example.

A tri-layer lithographic mask 206B includes a bottom layer
215B, a middle layer 217B, and a photoresist layer 219B.
Photoresist layer 219B is a photoresist material. In some
embodiments, bottom layer 215B is a polymer, such as a
polymer suitable for forming a bottom anti-reflective coating.
Bottom layer 215B is thick in comparison to middle layer
217B and photoresist layer 219B. In some embodiments,
bottom layer 215B is from 1000 to 3000 A thick. Middle layer
217B is optional. In some embodiments, middle layer 217B is
a polymer like bottom layer 215B, but with a higher silicon
content. In some embodiments, middle layer 217B includes
from 10% to 70% Si. In some embodiments, bottom layer
215B is a polymer with no Si content.

By photolithography, photoresist layer 219B is patterned
as shown in FIG. 10. By etching, the pattern of photoresist
layer 219B is printed to the other layers of lithographic mask
206B as shown in FIG. 11. In some embodiments, the etch
process conditions are selected to slightly over-etch when
printing from photoresist layer 219B to middle layer 217B or
when printing from middle layer 217B to bottom layer 215B,
whereby the sizes of features printed to bottom layer 215B are
somewhat larger than those of the corresponding features in
the original pattern printed in photoresist layer 219B. In some
embodiments, the etch process conditions are selected to
slightly under-etch when printing from photoresist layer
219B to middle layer 217B or when printing from middle
layer 217B to bottom layer 215B, whereby the sizes of fea-
tures printed to bottom layer 215B are somewhat smaller than
those of the corresponding features in the original pattern
printed in photoresist layer 219B. A first stage of printing can
break through middle layer 217B. Thereafter, middle layer
2178 can operate as a mask through a second stage in which
bottom layer 215B is printed. Photoresist layer 219B can be
removed by the etch process of this second stage to produce a
structure as shown in FIG. 11.

Process 100 continues with act 119, which is etching
though mandrel 211 where it is exposed through openings in
lithographic mask 206B to produce a structure as shown in
FIG. 12. Etching 119 can form wide openings 208. Etching
119 can leave some portions 210 of mandrel 211 adjacent
spacers 213 to create wider spacing 212 between adjacent
trenches at locations where such wider spacing is desirable.
Etching 119 can remove mandrel 211 completely from areas
214 where it is desired for adjacent lines to be defined by
spacers 213 only, thereby providing a very narrow line spac-
ing. In most embodiments, hard mask layer 209 provides an
etch stop for etching 119. In some embodiments, etching 119
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removes middle layer 217B of a tri-layer lithographic mask
206B as shown in FIG. 12. In some embodiments, etching 119
is plasma etching using process conditions that provide selec-
tivity for removing the material of organosilicate polymer
layer 211 in comparison to hard mask layer 209. In some
embodiments, the gases used for etching 119 include a com-
pound of the form CF 5. In some embodiments, etching 119 is
plasma etching without chlorine compounds, bromine com-
pounds, or other compounds effective for plasma etching
TiN. In most embodiments, etching 119 is carried out with a
selectivity for removing the material of organosilicate poly-
mer layer 211 over the material of spacers 213.

Process 100 continues with act 121, which is removing the
remaining portion of lithographic mask 206B to produce a
structure as shown in FIG. 13. In some embodiments, remov-
ing lithographic mask 206B includes ashing. Ashing 121 is
carried out with a chemistry that has little or no effect on the
material of organosilicate polymer layer 211. In some
embodiments, ashing 121 is carried out with a low tempera-
ture plasma. In some embodiments, the ashing chemistry is
one of CO,, O,, and N,/H,.

Process 100 continues with act 123, which is etching
though hard mask 209 with spacers 213 and the remaining
portion of mandrel 211 providing a mask. Etching 123 prints
hard mask 209 with a pattern defined by spacers 213 and
mandrel 211. The pattern can have critical dimensions that are
narrower than the critical dimensions of the lithography pro-
cesses ofact 107 and act 117. In some embodiments, a critical
dimension of the pattern printed to hard mask 209 is about
half'the critical dimension of the lithography processes of act
107. In some embodiments, a critical dimension of the pattern
printed to hard mask 209 is about half the critical dimension
of the lithography processes of act 117. In some embodi-
ments, etching 123 is plasma etching with either a chlorine or
a bromine compound. In some embodiments, etching 123 is
plasma etching with compounds effective for plasma etching
TiN.

After hard mask 209 has been patterned, the remaining
mandrel 211 and spacers 213 can be removed by act 125 to
produce a structure as shown in FIG. 14. Removing mandrel
211 and spacers 213 at this stage of processing is optional. In
some embodiments, mandrel 211 and spacers 213 are left to
pad hard mask 209 and further sustain hard mask 209 through
act 127.

Process 100 continues with act 127, which is treating sub-
strate 202 using patterned hard mask 209. FIG. 15 provides an
example, wherein the treatment is an etch process that forms
trenches or holes is dielectric layer 205 as shown in FIG. 16.
In some embodiments, this etching is part of a damascene
process in which the trenches and holes are formed in dielec-
tric layer 205. The trenches and holes can subsequently be
filled with conductive material to form conductive vias and
lines. In some embodiments, double patterning process 100
provides an interconnect structure with narrow pitch lines. In
some other embodiments, double patterning process 100 pro-
duces field effect transistors (FETs) with short channel length
or narrowly pitched gates. In some other embodiments,
double patterning process 100 produces narrowly pitched
semiconductor fins for finFETs.

The present disclosure provides a process of forming an
integrated circuit device. The process includes forming a hard
mask layer over a substrate and forming a mandrel layer stack
over the hard mask layer. At least the uppermost layer of the
mandrel layer stack is an organosilicate polymer. The process
continues by forming a first lithographic mask over mandrel
layer stack, etching the mandrel layer stack through the first
lithographic mask to form a mandrel, and removing the first
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lithographic mask. A spacer material is deposited over the
mandrel and etched to form spacers on the sides of the man-
drel. The process continues by forming a second lithographic
mask over mandrel and spacers, etching through the mandrel
where the mandrel is exposed through the second litho-
graphic mask, and removing the second lithographic mask.
The hard mask layer is then etched through a mask that is
provided by the spacers and the mandrel, thereby patterning
the hard mask layer. The substrate is treated using the result-
ing hard mask. In some embodiments, the spacers are formed
of'a low temperature oxide. In some embodiments, the hard
mask is TiN. The process provides a simplified method of
double patterning that eliminated the need for a capping layer
over the hard mask.

The present disclosure also provides a method of manufac-
turing an integrated circuit device that includes depositing a
hard mask layer over a semiconductor body. forming an orga-
nosilicate polymer layer above the hard mask layer, forming
a first mask above the organosilicate polymer layer, etching
the organosilicate polymer layer to a pattern corresponding to
the first mask thereby producing a first-patterned organosili-
cate polymer layer, forming a conformal layer of a second
material over the first-patterned organosilicate polymer layer,
etching the second material to form spacers abutting the first-
patterned organosilicate polymer layer, forming a second
mask above the organosilicate polymer layer, etching the
organosilicate polymer layer in pattern corresponding to the
second mask to produce a second-patterned organosilicate
polymer layer, and removing second mask, and patterning the
hard mask layer by etching the hard mask layer through a
mask formed by the second-patterned organosilicate polymer
layer and the spacers.

The present disclosure also provides a method of manufac-
turing an integrated circuit device that includes depositing a
TiN layer over a semiconductor substrate, forming a silicon-
containing antireflective coating above the TiN layer, pattern-
ing the antireflective coating to form a mandrel, forming
spacers to the sides of the mandrel at temperatures below 300°
C., wherein the spacers are formed of a low temperature
oxide, further patterning the mandrel, and patterning the TiN
layer to a pattern defined by the spacers together with the
mandrel.

The foregoing outlines features of several embodiments so
that those skilled in the art may better understand the aspects
of the present disclosure. Those skilled in the art should
appreciate that they may readily use the present disclosure as
a basis for designing or modifying other processes and struc-
tures for carrying out the same purposes and/or achieving the
same advantages of the embodiments introduced herein.
Those skilled in the art should also realize that such equiva-
lent constructions do not depart from the spirit and scope of
the present disclosure, and that they may make various
changes, substitutions, and alterations herein without depart-
ing from the spirit and scope of the present disclosure.

What is claimed is:
1. A process of forming an integrated circuit device, com-
prising:

forming a hard mask layer over a substrate;

forming a mandrel layer stack over the hard mask layer,
wherein an uppermost layer of the mandrel layer stack is
an organosilicate polymer;

forming a first lithographic mask over mandrel layer stack;

etching the mandrel layer stack through the first litho-
graphic mask to form a mandrel;

removing the first lithographic mask;

depositing a spacer material over the mandrel;
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etching the spacer material to form spacers on sides of the

mandrel;

forming a second lithographic mask over mandrel and

spacers;

etching through the mandrel where the mandrel is exposed

through the second lithographic mask to form a reduced
mandrel;

removing the second lithographic mask;

etching the hard mask layer through a mask that is provided

by the spacers and the reduced mandrel, wherein etching
the hard mask layer forms the hard mask layer into a hard
mask; and

treating the substrate using the hard mask.

2. The process of claim 1, wherein the organosilicate poly-
mer is an anti-reflective coating material.

3. The process of claim 1, wherein the mandrel layer stack
is a single layer of a material.

4. The process of claim 1, wherein the mandrel layer stack
is formed in direct contact with the hard mask layer.

5. The process of claim 4, wherein the hard mask layer is
TiN.

6. The process of claim 1, wherein the spacer material is a
low-temperature oxide.

7. The process of claim 1, wherein the depositing of the
spacer material over the mandrel is carried out at tempera-
tures of about 300° C. or less.

8. The process of claim 1, wherein the polymer is from 10%
to 70% silicon.

9. The process of claim 1, wherein the forming of the
mandrel layer stack comprises spin coating precursors of the
organosilicate polymer.

10. The process of claim 1, wherein the second lithographic
mask masks the hard mask layer where it is not covered by
either the mandrel or the spacers.

11. The process of claim 1, wherein the treating of the
substrate using the hard mask comprises etching through a
dielectric layer where is it exposed through the hard mask.

12. The process of claim 1, wherein the first and second
lithographic masks are tri-layer masks.

13. The process of claim 1, wherein the etching of the
mandrel layer stack through the first lithographic mask and
the etching through the mandrel where the mandrel is exposed
through the second lithographic mask are plasma etching
with fluorine-based chemistry.

14. The process of claim 1, wherein the etching of the
spacer material to form spacers on the sides of the mandrel is
plasma etching with fluorine-based chemistry.
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15. A method of manufacturing an integrated circuit
device, comprising:

depositing a hard mask layer over a semiconductor body;

forming an organosilicate polymer layer above the hard

mask layer;

forming a first mask above the organosilicate polymer

layer;

etching the organosilicate polymer layer to a pattern cor-

responding to the first mask to produce a first-patterned
organosilicate polymer layer;

forming a conformal layer of a second material over the

first-patterned organosilicate polymer layer;

etching the second material to form spacers abutting the

first-patterned organosilicate polymer layer;

etching the organosilicate polymer layer in a pattern cor-

responding to a second mask to produce a second-pat-
terned organosilicate polymer layer;

removing the second mask; and

patterning the hard mask layer by etching the hard mask

layer through a mask formed by the second-patterned
organosilicate polymer layer and the spacers.

16. The method of claim 15, wherein the etching of the
organosilicate polymer layer to a pattern corresponding to the
first mask is etching with CF,.

17. The method of claim 15, wherein the forming of the
organosilicate polymer layer above the hard mask layer forms
the organosilicate polymer in direct contact with a TiN layer.

18. The method of claim 15, wherein the forming of a
conformal layer of a second material over the first-patterned
organosilicate polymer layer is a deposition process taking
place at temperatures below 300° C.

19. A method of manufacturing an integrated circuit
device, comprising:

depositing a TiN layer over a semiconductor substrate;

forming a silicon-containing antireflective coating above

the TiN layer;

patterning the antireflective coating to form a mandrel;

forming spacers to sides of the mandrel at temperatures

below 300° C., wherein the spacers are formed of a low
temperature oxide;

further patterning the mandrel; and

patterning the TiN layer to a pattern defined by the spacers

together with the mandrel.

20. The method of claim 19, wherein the antireflective
coating is formed in direct contact with the TiN layer.
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